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SURFACE ACOUSTIC WAVE DEVICE AND METHOD OF ADJUSTING A 
TEMPERATURE CHARACTERISTIC OF THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a surface acoustic wave (SAW) device. 
More particularly, the invention relates to a SAW device that includes a quartz plate and 
reduces frequency changes due to temperature variations, and to a method of adjusting a 
temperature characteristic. 

2. Description of Related Art 

[0002] Related art SAW devices include interdigital transducer (IDT) electrodes on 
the main surface of a piezoelectric plate represented by a piece of quartz so as to oscillate a 
high-frequency region in a stable manner. Among such SAW devices, in order to reduce 
frequency changes due to temperature variations, the related art also includes ST-cut SAW 
devices which include an ST-cut quartz plate as a piezoelectric plate, transmit SAW in the 
direction of the X-axis (the electrical axis) of the ST-cut quartz plate, and generate a Rayleigh 
wave, which is a kind of SAW. 

[0003] In order to further reduce frequency changes due to temperature variations, a 
plurality of SAW elements are disposed on an ST-cut quartz plate in a manner that 
propagation directions of SAW generated by the SAW elements are different each other in 
one case, or in a manner that electrode thicknesses of EDT electrodes are different each other 
in another case, as disclosed in Japanese Unexamined Patent Application Publication No. 53- 
145595, for example. 

[0004] Alternatively, an ST-cut quartz plate is rotated around the Z'-axis in an in- 
plane direction (hereinafter "in-plane rotation ST-cut quartz plate"). Then, a SAW element is 
disposed on the in-plane rotation ST-cut quartz plate (hereinafter "in-plane rotation ST-cut 
SAW device"), as disclosed in Japanese Examined Patent Application Publication No. 63- 
18892, for example. 

SUMMARY OF THE INVENTION 
[0005] However, the turnover temperature (a temperature which provides an 
extremum of frequency) of temperature characteristics (frequency change characteristics 
depending on temperature variations) of an ST-cut SAW device based on propagation 
directions changes little. For example, even if a propagation direction is changed by 10°, the 
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turnover temperature changes by 20 °C or below, as disclosed in Minowa, Jumonji. 1976. 
"Suishouban wo Mochiita Danseihyomenha Soshi no Chushin Shuhasu to sono Ondo 
Tokusei (Central Frequencies and Temperature Characteristics of Surface Acoustic Wave 
Elements Using a Quartz Plate)." Technical Report oflEICE 76 (July), No. 78: 9-16, US76- 
23, Institute of Electronics, Information, and Communication Engineers, Japan, for example. 
Thus, when disposing a plurality of SAW elements on an ST-cut quartz plate, it is necessary 
to increase an angle among the SAW elements. In particular, when increasing the number of 
SAW elements to be disposed in order to decrease frequency changes in a wide temperature 
range, an angle made between a SAW element which provides a minimum value of turnover 
temperatures and a SAW element which provides a maximum value of turnover temperatures 
is inevitably large. Consequently, it is difficult to miniaturize a SAW device on which a 
plurality of SAW elements are disposed on an ST-cut quartz plate in a manner that the 
propagation directions of SAW generated by each of the SAW elements are different. 
Furthermore, IDT electrodes disposed in a tilted position involve the following problem as 
frequency increases. 

[0006] A pattern of IDT electrodes is generally formed by using a photomask 
process. In the photomask process, a diagonal line is formed by a group of short lines aligned 
in a manner of stairs. Since lines in IDT electrodes become thin in response to high 
frequency, such a stairlike arrangement of the group of short lines cannot be neglected, since 
the arrangement of IDT electrodes disposed in a tilted position come to be seen as non- 
smooth (that is, the electrode width of the IDT electrodes becomes unstable). The non- 
smooth arrangement of IDT electrodes could cause unnecessary oscillations, which may cause 
a defect. 

[0007] When disposing a plurality of SAW elements having different electrode 
thicknesses of IDT electrodes on an ST-cut quartz plate, it is possible to dispose the IDT 
electrodes in parallel. However, it is necessary to form a plurality of settings of electrode 
thicknesses on the same quartz plate, and thereby a manufacturing process becomes 
complicated. 

[0008] The in-plane rotation ST-cut SAW device is far superior in temperature 
characteristics to the ST-cut SAW device. With regard to a temperature characteristic of a 
SAW element, however, it has a problem that it does not provide sufficient accuracy, since 
the wider an operating temperature range is, the larger frequency changes become. 
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[0009] In consideration of the above and/or other problems, the present invention 
provides a SAW device which provides a good temperature characteristic in a wide 
temperature range and which can be miniaturized. The invention also provides a method of 
adjusting temperature characteristics of the SAW device. 

[0010] A surface acoustic wave device includes: a quartz plate cut out with a Euler 
angle at (0°, 1 13° to 135°, +/-(40 to 49)°); and a plurality of surface acoustic wave elements 
Ml to Mn connected together in parallel on a main surface of the quartz plate, and provided 
with at least a pair of IDT electrodes to generate a Rayleigh wave. Surface acoustic waves 
having at least a plurality of different propagation directions of propagation directions \|/1 to 
\)/n are generated from the surface acoustic wave elements Ml to Mn. The propagation 
directions \|/1 to \|/n satisfy a formula: v|/l to v|/n = 0.3295G + 3.3318° +/- 1.1 25°, with the Euler 
angle at (0°, 9, y). 

[001 1] This structure makes it possible to change turnover temperatures without 
differentiating the propagation directions \|/1 to \|/n greatly each other. 

[0012] Alternatively, a surface acoustic wave device includes: a quartz plate cut out 
with a Euler angle at (0°, 113° to 135°, +/-(40 to 49)°); and a plurality of surface acoustic 
wave elements Ml to Mn connected together in parallel on a main surface of the quartz plate, 
and provided with at least a pair of IDT electrodes to generate a Rayleigh wave. At least a 
plurality of different ratios r|l to rp each other obtained by dividing electrode width by 
electrode pitch of the IDT electrodes is given to the surface acoustic wave elements Ml to 
Mn. The Euler angle at (0°, 0, y) satisfies a formula: \|/1 to \|/n = 0.32959 + 3.3318° +/- 
1.125°. 

[0013] This structure makes it possible to provide a good temperature characteristic 
in a wide range of temperatures, and to dispose the IDT electrodes in parallel. 

[0014] Alternatively, a surface acoustic wave device includes: a quartz plate cut out 
with a Euler angle at (0°, 1 13° to 135°, +/-(40 to 49)°); and a plurality of surface acoustic 
wave elements Ml to Mn connected together in parallel on a main surface of the quartz plate, 
and provided with at least a pair of IDT electrodes to generate a Rayleigh wave. At least a 
plurality of different ratios r|l to r|n obtained by dividing electrode width by electrode pitch of 
the IDT electrodes is given to the surface acoustic wave elements Ml to Mn. Surface 
acoustic waves having at least a plurality of different propagation directions each other out of 
propagation directions v|/l to v|/n is generated from the surface acoustic wave elements Ml to 



Mn. The propagation directions to \|/n satisfy a formula: to \|/n = 0.32950 + 3.3318° +/- 
1.125°, with Euler angle at (0°, 9, \|/). 

[0015] This structure makes it possible to change turnover temperatures without 
differentiating the propagation directions \|/1 to \jm greatly each other, and to provide a good 
temperature characteristic in a wide range of temperatures. 

[0016] In addition, with regard to a SAW device according to the invention, at least 
one of turnover temperatures Tpl to Tpn of a temperature characteristic obtained by each of 
the SAW elements Ml to Mn is out of an operating temperature range. 
This makes it possible to provide a good temperature characteristic in the operating 
temperature range, even if the turnover temperatures Tpl to Tpn of a temperature 
characteristic obtained by each of the SAW elements Ml to Mn deviate from desired values 
due to a deviation from a manufacturing process. 

[0017] Furthermore, with regard to a SAW device according to the invention, a 
temperature characteristic is adjusted by adjusting an angle of disposing the SAW device on 
the quartz plate cut out so as to set a Euler angle at (0°, 1 13° to 135°, +/-(40 to 49)°). 

[0018] This makes it possible to provide a good temperature characteristic in an 
operating temperature range, even if turnover temperatures Tpl to Tpn of a temperature 
characteristic obtained by each of the SAW elements Ml to Mn deviate from desired values 
because of a deviation from a manufacturing process, and to readily change a temperature 
range which provides a good temperature characteristic when changing the operating 
temperature range. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] FIG. 1 is a schematic illustrating cut angles of quartz; 

[0020] FIG. 2 is a graph showing a temperature characteristic curve with an extreme 

value; 

[0021] FIG. 3 is a graph showing ranges where a temperature characteristic curve 
with an extreme value is easily available for the in-plane rotation ST-cut quartz plate whose 
Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0022] FIG. 4 is a graph showing whether there is an extreme value of the three- 
dimensional function for the resonator SAW device including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 
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[0023] FIG. 5 is a graph showing whether there is an extreme value of the three- 
dimensional function for the resonator SAW device including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0024] FIG. 6 is a graph showing whether there is an extreme value of the three- 
dimensional function for the resonator SAW device including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0025] FIG. 7 is a graph showing whether there is an extreme value of the three- 
dimensional function for the resonator SAW device including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0026] FIG. 8 is a graph showing whether there is an extreme value of the three- 
dimensional function for the resonator SAW device including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0027] FIG. 9 is a graph showing whether there is an extreme value of the three- 
dimensional function for the transversal SAW filter including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0028] FIG. 10 is a graph showing whether there is an extreme value of the three- 
dimensional function for the transversal SAW filter including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0029] FIG. 1 1 is a graph showing whether there is an extreme value of the three- 
dimensional function for the transversal SAW filter including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0030] FIG. 12 is a graph showing whether there is an extreme value of the three- 
dimensional function for the transversal SAW filter including the in-plane rotation ST-cut 
quartz plate whose Euler angle is set at (0°, 1 13° to 135°, +/-(40 to 49)°); 

[0031] FIG. 13 is a graph comparing a temperature characteristic curve of the ST- 
cut SAW device whose Euler angle is set at (0°, 123°, 0°) with a temperature characteristic 
curve of the in-plane rotation ST-cut SAW device; 

[0032] FIG. 14 is a schematic showing the relation between ratios "r|" and turnover 
temperatures, under the condition that Euler angle is set at (0°, 123°, 0°), or (0°, 123°, 43.2°) 
according to an exemplary embodiment of the invention, when HA, is 0.03; 

[0033] FIG. 15 is a schematic showing a first exemplary embodiment of the in- 
plane rotation ST-cut SAW device according to the invention; 
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[0034] FIG. 16 is a schematic showing a third exemplary embodiment of the in- 
plane rotation ST-cut SAW device according to the invention; 

[0035] FIG. 17 is a schematic showing a fifth exemplary embodiment of the in- 
plane rotation ST-cut SAW device according to the invention; 

[0036] FIG. 18 is a schematic showing temperature characteristics of an exemplary 
embodiment of the in-plane rotation ST-cut SAW device according to the invention; 

[0037] FIG. 19 is a schematic showing a second exemplary embodiment of the in- 
plane rotation ST-cut SAW device according to the invention; 

[0038] FIG. 20 is a schematic showing a fourth exemplary embodiment of the in- 
plane rotation ST-cut SAW device according to the invention; 

[0039] FIG. 21 is a schematic showing a sixth exemplary embodiment of the in- 
plane rotation ST-cut SAW device according to the invention; 

[0040] FIG. 22 is a schematic showing temperature characteristics of an exemplary 
embodiment of the in-plane rotation ST-cut SAW device according to the invention; 

[0041] FIG. 23 is a schematic showing temperature characteristics of an exemplary 
embodiment of the in-plane rotation ST-cut SAW device according to the invention; 

[0042] FIG. 24 is a schematic showing temperature characteristics of an exemplary 
embodiment of the in-plane rotation ST-cut SAW device according to the invention; 

[0043] FIG. 25 is a sectional view of a SAW element, indicating the electrode 
width, the electrode pitch, "H" and "A,"; 

[0044] FIG. 26 is a schematic showing the relation between values "\|/" and turnover 
temperatures, under the condition that Euler angle is set at (0°, 123°, \|/) according to an 
exemplary embodiment of the invention, when HA, is 0.03 or 0.04, and r[ is 0.5; 

[0045] FIG. 27 is a schematic showing a first exemplary embodiment of the in- 
plane rotation ST-cut SAW device according to the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0046] Exemplary modes for carrying out the present invention are described below 
with reference to the accompanying drawings. The exemplary embodiments discussed below 
do not limit the description of the invention. Furthermore, all the components shown in the 
exemplary embodiments below are not always necessary. 

[0047] [First Exemplary Embodiment] 

[0048] A first exemplary embodiment of the present invention is described below 
with reference to the drawings. 
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[0049] FIG. 1 is a schematic illustrating cut angles of quartz. When forming a 
piezoelectric resonator by cutting quartz, temperature characteristics may vary depending on 
the direction of cutting. As shown in FIG. 1, the crystal axes of quartz are defined by the 
electrical axis (X), the mechanical axis (Y), and the optical axis (Z). A quartz Z plate 2 with 
Euler angle (0, 9 5 y) at (0°, 0°, 0°) is rotated around the electrical axis (X), by making "9" be 
set at 1 13 to 135 degrees to be an ST-cut quartz plate 1 having new axes of coordinate (X, Y\ 
Z'). The plate 1, referred to as a ST-cut plate is cut out along the new axes of coordinate (X, 
Y\ Z'). Next, the ST-cut quartz plate 1 is further rotated around the Z' axis of the ST-cut 
quartz plate 1, by making be set at +/- (40 to 49) degrees, so as to set the direction of 
transmitting SAW to this angle. A piezoelectric resonator including this further rotated plate 
is called an in-plane rotation ST-cut SAW device 3. The in-plane rotation ST-cut SAW 
device 3 can have excellent temperature characteristics, which is regarded as a two- 
dimensional function like other ST-cut devices. However, after thorough consideration, the 
inventor found that the temperature characteristics represent a three-dimensional function 
with an inflection point at around 1 10 °C. Since the temperature characteristics are generally 
not observed at temperatures well over 1 10 °C, the fact that the temperature characteristics of 
the in-plane rotation ST-cut SAW device 3 using an in-plane rotation ST-cut quartz plate 9 
represent a three-dimensional function is unknown. 

[0050] FIG. 2 is a graph showing a temperature characteristic curve with an extreme 
value. With regard to the temperature characteristic of the in-plane rotation ST-cut SAW 
device 3, an inflection point is around 1 10 °C. If an operating temperature range of the device 
is set below the inflection point, for example, at -40 to 85 °C, this device is used within the 
temperature range (an area surrounded by a square in FIG. 2) including a maximum value 
(Tp) below the inflection point out of the temperature characteristic curve as a three- 
dimensional function. 

[0051] FIG. 3 is a graph showing ranges where a temperature characteristic curve 
with an extreme value is easily available for the in-plane rotation ST-cut quartz plate 9 with 
its Euler angle at (0°, 1 13° to 135°, +/-(40 to 49)°). 

[0052] After thorough studies, in the range of the graph having temperature 
characteristics as a three-dimensional function, the inventor found the range of "6" and "\|/" 
where a temperature characteristic curve with an extreme value (a local maximum or local 
minimum value) in a temperature range from -40 to 85 °C is easily available for a transversal 
SAW device. This range is shown in the graph as a hatched area 5. 
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[0053] On the other hand, a hatched area 4 in FIG. 3 is an area not covered by the 
hatched area 5, in which the range of "9" and "\|/" where a temperature characteristic curve 
with an extreme value (a local maximum or local minimum value) in the above-mentioned 
temperature range is easily available for a resonator SAW device. In the hatched area 4, the 
values "\|/" are smaller than those in the hatched area 5 under the influence that the resonator 
SAW device is provided with electrodes. The area that covers both the hatched area 4 and the 
hatched area 5 is defined by the formula below. 

[0054] (Formula 1) v = 0.32959 + 3.3318° +/- 1.125° 

[0055] By performing in-plane rotation around the Z' axis in the area that covers 
both the hatched area 4 and the hatched area 5, a frequency temperature characteristic curve 
with an extreme value (a local maximum or local minimum value) is easily available. 

[0056] The inventor verified temperature characteristics in the border area between 
the hatched area 4 and the hatched area 5, and checked the validity of the hatched area 4 and 
the hatched area 5. 

[0057] Also according to the first exemplary embodiment of the invention, the "in- 
plane rotation ST-cut SAW device 3" is defined as including both transversal SAW filters and 
resonator SAW devices (including SAW resonators and resonator SAW filters). 

[0058] FIGs. 9 to 12 are graphs each showing whether there is an extreme value of a 
three-dimensional function for a transversal SAW filter using the in-plane rotation ST-cut 
quartz plate 9 with its Euler angle at (0°, 1 13° to 135°, +/-(40 to 49)°). 

[0059] According to these graphs, the inventor found the range of "9" and in 
which a temperature characteristic with an extreme value (a local maximum or local 
minimum value) in a temperature range from -40 to 85 °C is easily available for a SAW 
device having a transversal SAW filter. This range is shown in FIG. 3 as a hatched area 5, 
which is defined by the formula below. 

[0060] (Formula 2) \|/ = 0.32959 + 3.8318° +/- 0.625° 

[0061] Moreover, the inventor found various patterns for not only temperature 
characteristics of the transversal SAW filter, but also those of resonator SAW devices as a 
result of thorough studies. Specifically, a transversal SAW filter is provided with an IDT 
electrode (a comb-shaped electrode) at the source side and an IDT electrode at the receiving 
side with a certain interval between the electrodes on the surface of a quartz plate which is a 
piezoelectric material. With regard to such a SAW filter, because nothing is formed between 
the IDT electrodes, the width, thickness, and other factors of the electrodes cause little change 
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in temperature characteristics of frequencies (that is, changing the shape of the electrodes 
does not have much effect on the temperature characteristics). Regarding a resonator SAW 
device, however, an IDT electrode is formed on the surface of a quartz plate, which is a 
piezoelectric material, and a reflector electrode is provided so as to sandwich the IDT 
electrode. Therefore, temperature characteristics are variable depending on the width, 
thickness, and other factors of the IDT electrode. 

[0062] FIG. 4 is a graph showing whether there is an extreme value of temperature 
characteristics as a three-dimensional function in a temperature range from -40 to 85 °C for 
the resonator SAW device comprising the in-plane rotation ST-cut quartz plate 9 with Euler 
angle at (0°, 123°, +/-(40 to 49)°). The ratio of an electrode thickness "H" to a SAW 
wavelength C T' (H/X) is 0.03. The thickness "H" and the SAW wavelength T of IDT 
electrodes are indicated in FIG. 25, which is a sectional view of a SAW element. As shown 
in FIG. 4, when an in-plane rotation angle is set smaller than angles covered by the 
hatched area 4 shown in FIG. 3, it is clear that temperature characteristics do not have an 
extreme value in a temperature range from -40 to 85 °C. In contrast, when the in-plane 
rotation angle is set larger than angles covered by the hatched area 4 shown in FIG. 3, it 
is clear that temperature characteristics have an extreme value. For example, FIG. 4 shows 
that when is set at 44°, there is an extreme value around -30 °C, which is covered by the 
hatched area 5. 

[0063] FIGs. 4 and 1 0 show that V ' of the Euler angle (0°, 9, \|/) which represents a 
temperature characteristic curve of a similar pattern is different depending on whether 
electrodes are provided or not, even if "9" of the same value. For example, the value of 
on the border of having an extreme value is 43.7° in FIG. 10, while the value is 42.7° in FIG. 
4, which is one degree smaller than in FIG. 10. In other words, electrodes make it difficult to 
find a temperature characteristic with an extreme value (a local maximum or local minimum 
value) in a temperature range from -40 to 85 °C within the range of covered only by the 
hatched area 5 shown in FIG. 3. Then, if the area obtained by transferring the hatched area 5 
shown in FIG. 3 so as to make the value "v|/" one degree smaller (namely, the hatched area 4), 
and the hatched area 5 are both included, it is possible to easily find a temperature 
characteristic with an extreme value (a local maximum or local minimum value) in a 
temperature range from -40 to 85 °C regardless of whether electrodes are provided. The area 
that covers both the hatched area 4 and the hatched area 5 is defined by Formula 1 . 
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[0064] Each of FIGs. 5 to 8 shows a temperature characteristic of the resonator 
SAW device whose Euler angle is (0°, 1 17°, y), (0°, 129°, \|/), or (0°, 135°, \|/). These graphs 
show that although a temperature characteristic with an extreme value (a local maximum or 
local minimum value) in a temperature range from -40 to 85 °C within the range of 
covered only by the hatched area 5 shown in FIG. 3 is not easily available, it is easily 
available in the same temperature area within the area covered by both the hatched area 4 and 
the hatched area 5. 

[0065] FIG. 13 shows a temperature characteristic curve of the in-plane rotation ST- 
cut SAW device 3 whose extreme value is set around room temperature under the condition 
that each value of Euler angles satisfies Formula 1, in comparison with a temperature 
characteristic curve of the ST-cut SAW device whose Euler angle is set at (0°, 123°, 0°). As 
shown in FIG. 13, including the range of Euler angles that satisfy Formula 1 makes it easier 
for the device 3 to have a good temperature characteristic with an extreme value (a local 
maximum or local minimum value) compared to the case with the ST-cut SAW device. 

[0066] FIG. 15 is a schematic showing the first exemplary embodiment of the in- 
plane rotation ST-cut SAW device 3 according to the invention. The in-plane rotation ST-cut 
SAW device 3 includes the in-plane rotation ST-cut quartz plate 9 as a base plate. On the 
main surface of the in-plane rotation ST-cut quartz plate 9, two SAW elements Ml and M2 
are disposed so as to generate SAW having the propagation directions y 1 and \j/2 which are 
different each other. Each of the two SAW elements Ml and M2 is provided with IDT 
electrodes 6. Furthermore, the IDT electrodes 6 are connected to an electrical terminal 7 and 
an electrical terminal 8 to supply a high frequency electric field. The positions of the 
electrical terminal 7 and the electrical terminal 8 are not limited to those shown in FIG. 15. 
For example, the electrical terminal 7 and the electrical terminal 8 can be connected to the 
IDT electrodes 6 at the positions shown in FIG. 27. The same can be said for second to sixth 
exemplary embodiments described below. 

[0067] FIG. 26 shows an example of the relation between propagation angles and 
turnover temperatures of SAW in the above-mentioned range of Euler angles for the in-plane 
rotation ST-cut SAW device 3 according to the first exemplary embodiment of the invention. 

[0068] For example, when the two SAW elements, which satisfy HA, = 0.03, in 
FIG. 15 are electrically connected together in parallel so as to provide a good temperature 
characteristic in a wide range of temperatures by setting the turnover temperature of each of 
the SAW elements at about 50 °C and 10 °C as shown in FIG. 1 8, FIG. 26 shows that the 
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propagation angles of the two SAW elements Ml and M2 are set at (0°, 123°, 43°) and (0°, 
123°, 43.4°), respectively. There is only a small angle of 0.4° made between the two SAW 
elements Ml and M2. 

[0069] That is to say, in the range of Euler angles which satisfy Formula 1, the 
turnover temperature of temperature characteristics is variable with a small change in 
propagation directions. This means that it is possible to decrease an angle between the two 
SAW elements Ml and M2, both of which are disposed on the in-plane rotation ST-cut quartz 
plate 9. 

[0070] FIG. 24 is a graph showing temperature characteristics of the in-plane 
rotation ST-cut SAW device 3 comprising the in-plane rotation ST-cut quartz plate 9, on 
which the two SAW elements Ml and M2 are disposed, where turnover temperatures are at 
10 °C and 50 °C in the operating temperature range from 0 to 60 °C. For example, FIG. 26 
shows that, if each turnover temperature tends to be low due to a deviation from a 
manufacturing process, a predetermined angle of the SAW element Ml and that of the SAW 
element M2 disposed on the in-plane rotation ST-cut quartz plate 9 is decreased so as to raise 
turnover temperatures to be appropriate values. Conversely, for example, when the operating 
temperature range is changed to a higher one than in FIG. 24, desired turnover temperatures 
are readily achieved by increasing a predetermined angle of the SAW element Ml and that of 
the SAW element M2 disposed on the in-plane rotation ST-cut quartz plate 9. 

[0071] In other words, even if turnover temperatures Tpl and Tp2 of temperature 
characteristics of the two SAW elements Ml and M2, respectively, deviate from desired 
values, a good temperature characteristic in a certain operating temperature range is available. 
Furthermore, when changing the operating temperature range, it is also possible to change 
without difficulty the range of temperatures where good temperature characteristics are 
available. 

[0072] In summary, the effects of the first exemplary embodiment are as follows. 

[0073] (1) The angle made between SAW elements can be decreased by disposing 
them in a manner that the propagation directions of SAW are different each other on the in- 
plane rotation ST-cut quartz plate 9. This makes it possible to miniaturize the in-plane 
rotation ST-cut SAW device 3 on which the SAW elements are disposed. 

[0074] (2) It is possible to readily respond to a deviation of temperature 
characteristics caused by a deviation from a manufacturing process, and changes in operating 
temperature ranges. 
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[0075] (3) A good temperature characteristic is available in a wide temperature 

range. 

[0076] [Second Exemplary Embodiment] 

[0077] Next, a second exemplary embodiment in which the present invention is 
described below with reference to the drawings. 

[0078] FIG 19 shows the second exemplary embodiment of the in-plane rotation 
ST-cut SAW device 3 according to the invention. The second exemplary embodiment is 
different from the first exemplary embodiment in a point that three SAW elements Ml, M2, 
and M3 are disposed on the main surface of the in-plane rotation ST-cut quartz plate 9. 
Furthermore, the three SAW elements Ml, M2, and M3 are disposed so as to generate SAW 
having the propagation directions i|/l, v|/2, and \|/3 which are different each other. 

[0079] In FIG. 19, the three SAW elements Ml, M2, and M3, all of which satisfy 
H/X = 0.03, are electrically connected together in parallel. In order to provide a good 
temperature characteristic in a wider range of temperatures by setting the turnover 
temperature of each of the SAW elements at about 70 °C, 30 °C, and -10 °C as shown in FIG. 
22, FIG. 26 shows that the propagation angles of the three SAW elements Ml, M2, and M3 
are set at (0°, 123°, 42.8°), (0°, 123°, 43.2°) and (0°, 123°, 43.6°), respectively. To put it 
another way, there is only a small angle of 0.8° made between a SAW element providing a 
minimum turnover temperature and a SAW element providing a maximum value of turnover 
temperatures. 

[0080] That is to say, in the range of Euler angles which satisfy Formula 1, the 
turnover temperature of temperature characteristics is variable with a tiny change in 
propagation directions. This means that it is possible to decrease an angle among a plurality 
of SAW elements Ml to Mn, all of which are disposed on the in-plane rotation ST-cut quartz 
plate 9. 

[0081] FIG 23 is a graph showing a case where a maximum value of turnover 
temperatures is out of an operating temperature range for temperature characteristics of the in- 
plane rotation ST-cut SAW device 3 including the in-plane rotation ST-cut quartz plate 9, on 
which the three SAW elements Ml, M2, and M3 are disposed. In this case, the operating 
temperature range is from 0 to 60 °C, while the maximum value of turnover temperatures is 
70 °C. Therefore, even if each turnover temperature is lowered by 20 °C due to a deviation 
from a manufacturing process, maximum and minimum values of frequency deviations within 
the operating temperature range are almost free of influence. As a result, even if turnover 



13 

temperatures Tpl, Tp2, and Tp3 of temperature characteristics of the three SAW elements 
Ml, M2, and M3, respectively, deviate from desired values due to a deviation from a 
manufacturing process, a good temperature characteristic in a certain operating temperature 
range is available. 

[0082] In other words, even if turnover temperatures Tpl to Tpn of temperature 
characteristics of the SAW elements Ml to Mn, respectively, deviate from desired values due 
to a deviation from a manufacturing process, a good temperature characteristic in a certain 
operating temperature range is available. Moreover, when changing the operating 
temperature range, it is also possible to change without difficulty the range of temperatures 
where a good temperature characteristic is available. 

[0083] As described in detail above, the second exemplary embodiment of the 
invention produces the following effect in addition to the above-mentioned effects (1) and (2) 
described in the first exemplary embodiment. 

[0084] (4) It is possible not only to provide a good temperature characteristic in a 
wider range of operating temperatures, but also to readily respond to larger changes in 
operating temperature ranges. 

[0085] [Third Exemplary Embodiment] 

[0086] Next, a third exemplary embodiment in which the present invention is 
described below with reference to the drawings. 

[0087] FIG. 16 shows the third exemplary embodiment of the in-plane rotation ST- 
cut SAW device 3 according to the invention. The two SAW elements Ml and M2 are 
disposed on the main surface of the in-plane rotation ST-cut quartz plate 9. The third 
exemplary embodiment is different from the first and second exemplary embodiments in a 
point that the two SAW elements Ml and M2 are disposed so as to generate SAW having the 
same propagation direction. FIG 25 is a sectional view of the two SAW elements Ml and M2. 
On the main surface of the in-plane rotation ST-cut quartz plate 9, the IDT electrodes 6, 
whose electrode width "t" and electrode pitch "P" are indicated in the sectional view, is 
disposed. The third exemplary embodiment is also different from the first and second 
exemplary embodiments in a point that the ratios r|l and r|2 (r| = t/P) obtained by dividing the 
electrode width by the electrode pitch of the IDT electrodes of the two SAW elements Ml and 
M2 are different each other. 

[0088] Although the third exemplary embodiment shows an example where each 
electrode pitch "P" is the same, while each electrode width "t" is different, the opposite case 
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where each electrode pitch "P" is different and each electrode width "t" is the same is also 
possible. Furthermore, both of each electrode pitch "P" and each electrode width "t" can be 
differentiated. 

[0089] FIG. 14 shows, regarding the in-plane rotation ST-cut SAW device 3 of the 
third exemplary embodiment, an example of the relation between ratios "r|" obtained by 
dividing the electrode width by the electrode pitch and turnover temperatures of the IDT 
electrodes when Euler angles satisfy Formula 1, and an example of the relation between ratios 
"r|" (t/P) and turnover temperatures of the IDT electrodes of the ST-cut SAW device whose 
Euler angle is set at (0°, 123°, 0°). As shown in FIG. 14, the turnover temperatures of the in- 
plane rotation ST-cut SAW device 3 are more variable than those of the ST-cut SAW device, 
because of the value "if' (t/P). This makes it possible for the in-plane rotation ST-cut SAW 
device 3 to have a wider range of turnover temperatures. Therefore, a good temperature 
characteristic is easily available in a wider range of temperatures. 

[0090] For example, when the two SAW elements, which satisfy HA, = 0.03, in FIG. 
16 are electrically connected together in parallel so as to provide a good temperature 
characteristic in a wide range of temperatures by setting the turnover temperature of each of 
the SAW elements at about 50 °C and 10 °C as shown in FIG. 18, FIG. 14 shows that the ratios 
r|l and r|2 of the IDT electrodes of the two SAW elements Ml and M2 are set at about 0.4 and 
0.55, respectively. 

[0091] Therefore, in a range of Euler angles which satisfy Formula 1, by disposing 
both the two SAW elements Ml and M2 whose ratios "r|" are different each other on the in- 
plane rotation ST-cut quartz plate 9, a good temperature characteristic can be obtained, which 
are not attained by a single SAW element. Moreover, it is possible to dispose each IDT 
electrode of the SAW elements not in a tilted position but in parallel. This makes it possible 
to miniaturize the in-plane rotation ST-cut SAW device 3 comprising the in-plane rotation ST- 
cut quartz plate 9 on which the SAW elements Ml and M2 are disposed. 

[0092] FIG. 24 is a graph showing temperature characteristics of the in-plane 
rotation ST-cut SAW device 3 including the in-plane rotation ST-cut quartz plate 9, on which 
the two SAW elements Ml and M2 are disposed, where turnover temperatures are at 10 °C 
and 50 °C in the operating temperature range from 0 to 60 °C. FIG. 26 shows an example of 
the relation between values "\|/" and turnover temperatures in the range of Euler angles which 
satisfy Formula 1 for the in-plane rotation ST-cut SAW device 3 according to the exemplary 
embodiment. 
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[0093] For example, FIG 26 shows that, if each turnover temperature shown in FIG 
24 tends to be low due to a deviation from a manufacturing process, a predetermined angle of 
the SAW element Ml and that of the SAW element M2 disposed on the in-plane rotation ST- 
cut quartz plate 9 is decreased so as to raise turnover temperatures to be appropriate values. 
Conversely, for example, when the operating temperature range is changed to a higher one 
than in FIG 24, desired turnover temperatures are readily achieved by increasing a 
predetermined angle of the SAW element Ml and that of the SAW element M2 disposed on 
the in-plane rotation ST-cut quartz plate 9. 

[0094] In other words, even if turnover temperatures Tpl and Tp2 of temperature 
characteristics of the two SAW elements Ml and M2, respectively, deviate from desired 
values, a good temperature characteristic in a certain operating temperature range is available. 
Furthermore, when changing the operating temperature range, it is also possible to change 
without difficulty the range of temperatures where a good temperature characteristic is 
available. 

[0095] As described in detail above, the third exemplary embodiment of the 
invention produces the following effect in addition to the above-mentioned effects (1), (2), 
and (3) described in the first exemplary embodiment. 

[0096] (5) The IDT electrodes of the SAW element to be disposed can be further 
miniaturized by being disposed in parallel. 

[0097] [Fourth Exemplary Embodiment] 

[0098] Next, a fourth exemplary embodiment in which the present invention is 
described below with reference to the drawings. 

[0099] FIG 20 shows the fourth exemplary embodiment of the in-plane rotation ST- 
cut SAW device 3 according to the invention. The three SAW elements Ml, M2, and M3 are 
disposed on the main surface of the in-plane rotation ST-cut quartz plate 9. The three SAW 
elements Ml, M2, and M3 are disposed so as to generate SAW having the same propagation 
direction. Furthermore, the fourth exemplary embodiment is different from the first to third 
exemplary embodiments in a point that the ratios r|l, r|2, and r|3 (r| = t/P) obtained by 
dividing the electrode width by the electrode pitch of the DDT electrodes of the three SAW 
elements Ml, M2, and M3 are different each other. 

[0100] When the three SAW elements Ml , M2, and M3, which satisfy U/X = 0.03, 
in FIG 20 are electrically connected together in parallel so as to provide a good temperature 
characteristic in a wider range of temperatures by setting the turnover temperature of each of 
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the SAW elements at about 70 °C, 30 °C and -10 °C as shown in FIG 22, FIG 14 shows that 
the ratios r|U ^2, and r|3 of the IDT electrodes of the three SAW elements Ml, M2, and M3 
are set at 0.325, 0.475, and 0.625, respectively. 

[0101] Therefore, in a range of Euler angles which satisfy Formula 1, disposing all 
of the three SAW elements Ml, M2, and M3, whose ratios "if 5 are different each other, on the 
in-plane rotation ST-cut quartz plate 9 makes it possible not only to provide a good 
temperature characteristic, which is not attained by a single SAW element, but also to dispose 
the IDT electrodes of the three SAW elements in parallel without tilting them. 

[0102] In other words, better temperature characteristics can be achieved by 
disposing a plurality of SAW elements Ml to Mn whose ratios "t|" are different each other on 
the in-plane rotation ST-cut quartz plate 9. Moreover, it is possible to dispose the IDT 
electrodes of a plurality of SAW elements Ml to Mn not in a tilted position but in parallel. 

[0103] FIG 23 is a graph showing a case where a maximum value of turnover 
temperature is out of an operating temperature range for temperature characteristics of the in- 
plane rotation ST-cut SAW device 3 including the in-plane rotation ST-cut quartz plate 9, on 
which the three SAW elements Ml, M2, and M3 are disposed. In this case, the operating 
temperature range is from -20 to 60 °C, while the maximum value of turnover temperatures is 
70 °C. Therefore, even if each turnover temperature is lowered by 20 °C due to a deviation 
from a manufacturing process, maximum and minimum values of frequency deviations within 
the operating temperature range are almost free of influence. In other words, even if turnover 
temperatures Tpl to Tpn of temperature characteristics of a plurality of SAW elements Ml to 
Mn deviate from desired values due to a deviation from a manufacturing process, a good 
temperature characteristic in a certain operating temperature range is available. 

[0104] As described in detail above, the fourth exemplary embodiment of the 
invention also produces the above-mentioned effects (1), (2), (4), and (5) described in the first 
to third exemplary embodiments. 

[01 05] [Fifth Exemplary Embodiment] 

[0106] Next, a fifth exemplary embodiment in which the present invention is 
described below with reference to the drawings. 

[0107] FIG. 17 shows the fifth exemplary embodiment of the in-plane rotation ST- 
cut SAW device 3 according to the invention. The two SAW elements Ml and M2 are 
disposed on the main surface of the in-plane rotation ST-cut quartz plate 9 so as to generate 
SAW having the propagation directions \|/1 and \|/2 which are different each other. 
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Furthermore, the fifth exemplary embodiment is different from the first to fourth exemplary 
embodiments in a point that the ratios r]l and r|2 (r| = t/P) obtained by dividing the electrode 
width by the electrode pitch of the IDT electrodes of the two SAW elements Ml and M2 are 
different each other. 

[0108] As shown in FIG 26, in the range of Euler angles which satisfy Formula 1, 
the turnover temperature of temperature characteristics is variable with a small change in the 
propagation directions. In other words, it is possible to decrease an angle between the two 
SAW elements Ml and M2, both of which are disposed on the in-plane rotation ST-cut quartz 
plate 9. 

[0109] In addition, as shown in FIG 14, in a range of Euler angles which satisfy 
Formula 1, disposing both of the two SAW elements Ml and M2, whose ratios "tj" are 
different each other, on the in-plane rotation ST-cut quartz plate 9 makes it possible to 
provide a good temperature characteristic, which is not attained by a single SAW element. It 
is also possible to dispose the IDT electrodes of the two SAW elements in parallel. 

[0110] In the fifth exemplary embodiment, by differentiating both the propagation 
directions "\|/" and the ratios "t)" (r\ = t/P) of the IDT electrodes 6 between the two SAW 
elements as mentioned above, it is possible not only to further decrease an angle between the 
two SAW elements Ml and M2, but also to change turnover temperatures without extremely 
increasing or decreasing the ratios "r|" (r| = t/P) of the IDT electrodes 6. In particular, when 
"X" decreases along with a high frequency, an extremely large value "r|" is likely to cause a 
short-circuit due to a foreign substance, on one hand. On the other, an extremely small value 
"r|" is likely to cause an electrode breaking. The fifth exemplary embodiment makes these 
defects less likely to occur. 

[0111] As described in detail above, the fifth exemplary embodiment of the 
invention produces the following effect in addition to the above-mentioned effects (1), (2), 
and (3) described in the first exemplary embodiment. 

[0112] (6) While it is necessary to decrease the electrode width and the electrode 
pitch as frequency increases, the fifth exemplary embodiment makes it possible to decrease 
the possibility of defects such as a short-circuit and a breaking of the IDT electrodes 6. 

[0113] [Sixth Exemplary Embodiment] 

[0114] Next, a sixth exemplary embodiment in which the present invention is 
described below with reference to the drawings. 
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[0115] FIG. 21 shows the sixth exemplary embodiment of the in-plane rotation ST- 
cut SAW device 3 according to the invention. The three SAW elements Ml, M2, and M3 are 
disposed on the main surface of the in-plane rotation ST-cut quartz plate 9. The three SAW 
elements Ml, M2, and M3 are disposed so as to generate SAW having the propagation 
directions yl, \j/2, and \|/3 which are different each other. Furthermore, the sixth exemplary 
embodiment is different from the first to fifth exemplary embodiments in a point that the 
ratios r|l, r|2, and r|3 (r| = t/P) obtained by dividing the electrode width by the electrode pitch 
of the IDT electrodes of the three SAW elements Ml, M2, and M3 are different each other. 

[0116] In the sixth exemplary embodiment, by differentiating both the propagation 
directions 6 >" and the ratios "r|" (r| = t/P) of the IDT electrodes 6 among the three SAW 
elements as mentioned above, it is possible not only to further decrease an angle among the 
three SAW elements Ml, M2, and M3, but also to change turnover temperatures without 
extremely increasing or decreasing the ratios "if' (r| = t/P) of the IDT electrodes 6. That is to 
say, it is possible not only to decrease an angle among a plurality of SAW elements Ml to 
Mn, but also to change turnover temperatures without extremely increasing or decreasing the 
ratios r|l to r|n (r| = t/P) obtained by dividing the electrode width by the electrode pitch of a 
plurality of the IDT electrodes 6. 

[0117] As described in detail above, the sixth exemplary embodiment of the 
invention also produces the above-mentioned effects (1), (2), (4), and (6) described in the 
first, second, and fifth exemplary embodiments. 



